labelled b and c) at the three epochs. It is clear from Fig. 1b that there is a significant decrease in emissivity in a compact region on a timescale of less than a few years. In Fig. 2 Fig. 1c . This newly emerged feature disappeared again before May 2006, requiring a decay time of less than one year. We found a dozen additional time-varying compact features of lower significance (2-3s) from various parts of the northwest shell. They are spatially resolved with Chandra, having a typical apparent width of ,4 arcsec.
The original aim of our imaging analysis was to search for proper motions in the shell structure. By comparing the locations of the outer edge of the shell from the first observation in July 2000 and the latest observation in May 2006, we found that the angular displacement between the two epochs does not exceed 6 arcsec, which implies an upper limit on the shock speed v s of less than 4,500 km s 21 for the adopted distance of 1 kpc (refs 16, 17) . This estimate is somewhat less restrictive than originally expected, mainly because of the observed variability of X-ray emission.
The time-variability of X-ray flux on a timescale of Dt can, in principle, be revealed only from a compact region smaller than cDt (c being the speed of light); that is, within an angular size h , cDt/d < 1 arcmin for Dt 5 1 year. This is, however, a necessary but not a sufficient condition. The X-ray variability of compact hot spots in the shell requires sufficiently fast production and losses of parent particles. For any set of reasonable parameters characterizing a SNR (such as total energy budget, gas density, radiation and magnetic fields), only synchrotron radiation of ultrarelativistic electrons accelerated at shock fronts can satisfy these conditions. Other emission models discussed in the literature, such as bremsstrahlung of suprathermal electrons or free-free emission of hot thermal plasma, are now safely rejected. Our results therefore provide the strongest observational proof for the synchrotron origin of X-ray emission from RX J1713.723946, and in fact for nonthermal X-ray emission detected so far from any SNR.
The decay of the X-ray brightness can be caused by a decrease in total kinetic energy contained in relativistic electrons (W e ), for example as a result of a decrease in the acceleration efficiency while the electrons continue to radiate, if the synchrotron cooling time is of the order of a year or less. The rapid decrease in emission is unlikely to associate with an escape of electrons; whereas the convective escape is too slow, the fast diffusive escape would contradict the very requirement of effective acceleration. The radiative cooling time of electrons responsible for a synchrotron photon of energy e is t synch < 1.5 (B/mG) 21.5 (e/keV) 20.5 years in a magnetic field of strength B, given that the cooling time of an electron of energy E through synchrotron radiation is t synch < 12 (B/mG) 22 (E/TeV) 21 years, and the average energy of synchrotron photons is e < 0.016 (B/mG) (E/TeV) 2 keV. Therefore, the average magnetic field in the hot spot should be at the level of more than 1 mG to explain the observed timescale of X-ray disappearance.
The increase in X-ray flux can be caused by an increase in W e as a result of the boost of the acceleration rate and/or the amplification of the magnetic field. The DSA theory predicts an acceleration time t acc of ,10D(E)v s 22 (see, for example, ref. 13) , where
For the shock speed v s , 4,500 km s 21 , as derived in this work, the acceleration time of electrons responsible for X-rays significantly exceeds the timescales of the observed X-ray variability unless the magnetic field upstream is of order 1 mG and particle acceleration proceeds in the maximum effective (Bohm-diffusion) regime with g < 1. Note that equation (1) corresponds to the parallel shock acceleration, the most feasible and generally accepted version of DSA. It has been suggested 18 , however, that in strongly oblique shocks the rate of the energy gain of particles could be higher. In addition, it has recently been argued 19 that nonlinear shock-acceleration can proceed beyond the Bohm limit. If so, this would relax somewhat the above requirement to the strength of the magnetic field. In contrast, the estimate of the magnetic field derived from the synchrotron cooling time of electrons does not depend on the electron acceleration mechanism, and therefore the requirement of B . 1 mG remains rather robust.
The mG-scale magnetic field inferred from the X-ray variability is evidence in support of the substantial amplification of the magnetic field upstream of the shock from the interstellar value. This is a key condition for the acceleration of protons and nuclei to energies beyond the so-called Lagage-Cesarsky limit around 100 TeV (ref. 20) . Recent theoretical studies 2, 3 suggest that CR-excited magnetohydrodynamic waves are indeed able, at least in principle, to amplify the magnetic field by orders of magnitude from its initial seed value, although many complex, highly nonlinear microscopic processes remain to be explored.
The strength of the magnetic field can be estimated indirectly from the width of X-ray filaments if one interprets the origin of these thin structures in terms of diffusion and synchrotron cooling of electrons [21] [22] [23] [24] [25] . In particular, for RX J1713.723946, this method gives lower limits on the field strength in a range of 0.07-0.25 mG (ref. 25) . The variability of the compact hot spots is probably a manifestation of the strongest amplification of the magnetic field, whereas more diffuse regions in the shell would have somewhat weaker magnetic fields.
The broadband X-ray spectroscopy obtained recently by the Suzaku satellite (see Fig. 3 ) provides independent evidence of very effective acceleration of particles in the shell of RX J1713.723946. The measured energy spectrum agrees well with theoretical expectations for the spatially integrated synchrotron spectrum 14 described by a single parameter e 0 5 0.55g 21 (v s /3,000 km s 21 ) 2 keV. The Suzaku spectral data from 0.4 to 40 keV can be well fitted by the theoretical spectrum with e 0 5 0.55-0.65 keV, which implies that acceleration should proceed close to the extreme Bohm diffusion limit, g < 1, given the constraint of v s , 4,500 km s
21
. Now we can estimate the acceleration time of cosmic-ray protons with energy E at the present epoch merely on the basis of the X-ray measurements, t acc < 0.1(B/mG) 21 (E/TeV) years, assuming that the acceleration times of protons and electrons with the same energy are equal. Whereas the maximum energy of electrons is limited by synchrotron losses below ,10 TeV, protons and nuclei can be accelerated, over time DT, to E < 1(B/mG)(DT/100 years) PeV. This is also supported by recent c-ray observations of RX J1713.723946, because the observed spectrum extending to 100 TeV can be naturally explained by hadronic proton-proton interactions 26 . Note that the TeV c-rays cannot be accounted for by inverse Compton scattering of ultrarelativistic electrons. Indeed, the simple one-zone inverse Compton model, which requires an average magnetic field of ,10 mG (ref. 26) , is immediately excluded because of the mG-scale magnetic field derived above. The good spatial correlation of TeV c-ray and X-ray fluxes as seen in Fig. 1a does not leave room for speculations about a more sophisticated two-zone model. The keVTeV correlation is in fact better explained by the hadronic model of c-rays, assuming that protons and electrons are effectively confined in and interacting with the same shocked regions of the SNR shell. , for the Suzaku data. The best-fit values of e 0 yield g < 1(v s /3,000 km s 21 )
22
. We find that a good fit to the X-ray spectrum can also be formally obtained with the so-called SRCUT model 10 , but only below 10 keV. The limited angular resolution of Suzaku unfortunately does not allow spectral measurements of selected compact regions. However, similar shapes of the Chandra spectra extracted from various regions 6 suggest that the Suzaku spectrum generally also characterizes the broadband X-ray spectra of small-scale regions.
